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PROCEDE POUR ENLEVER LES METAUX DANS UN DtSPOSITIF DE RECURAGE. 

(57) La presents Invention concerns un procedd pour enle- 
ver les contaminants metaillques dans un precede de net- 
toy age de substrat La presents Invention peut remplacer 
d'autres systemes de nettoyage ds substrat ou etre utilisee 
en association avec ceux-ci. Le present precede consiste a 
ajouter una solution d'acide citrique a un milieu iiquide d'un 
systems de nettoyage de substrat semiconducteur. Ce pre- 
cede est d6cnt utilise en association avec un dispo'sitif de 
recurage double faca 
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La presence invention conceme des precedes da 
traitement d'un snnstrat et de naniere plus specific^ „ 
precede destine a 1 ' enlevement de contaminants 
,ues pendant le treitenent. de netto y a g e par ^ 

> pastilles de semi-cenducteur . 

Dans la fabrication de dispositifs a seai . 
conductor, la surface des pastilles de semi- conduct eux 
doxt etre nettoyee des contaminants de pastilles S • il a 
ne sont pas enleves, les contaminants de pastilles peu- 
vent affecter les caractiris tiques de performance du dis- 
posxtxf et peuvent provoquer un defaut du dispositif plu* , 
rapide qu'habituellement. 

En general, il existe deux types de contamina- 
tion de pastilles: les particules et les films Les paa _ " 
ticules sont des morceaux quelconques de materiaux pre- 
sents a la surface d'une pastille et qui out des limites 
pouvant etre facilement definies, par' exemple de la pous- 
sxere de silicium, de la poussiere provenant de 1'atmo- 
sphere, des particules de matiere plastique et des paxti- 
cules de silicate. Les films SO nt des couches de matexiau 
etranger situees sur les surfaces de la pastille, pax 
exemple, des films metalliques , des residus photoxesis- ' 
tants et des residus de solvant. II doit etre note que 
les films peuvent etre rompus et devenir des particules 
metalliques superf icielles par exemple. 

Comme il existe deux types de -contamination de ' 
pastilles, il existe aussi des processus de nettoyage se- 
pares pour supprimer chacune de celles-cij Les contami- 
nants sous forme de fil ffl soat de generale • 

par des traitements chimiques de nettoyage et les parti- 
cules sont de maniere generale enlevees par recuraae aux 
ultrasons ou la combiuaison d'une pulverisation sous 
pression elevee et d/un recurage mecanique. 

Le precede de nettoyage cnimique le plus cou- 
ramment utilise est l e pr0C ede RCA. Le precede RCA est 
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utilise pour nettoyer du silicium nu ou des pastilles de 
silicium qui n'oat que des oxydes ayant pousse thermique- 
ment. Ce precede est constitue de six e tapes. Tout 
d'abord, un nettoyage praliminaire de la pastille est ef- 
fectue. La pastille est immergee dans un melange d'acide 
sulfurique et d'oxydant (tel que H 2 S0 4 -E 2 0 2 ) qui enleve 
les agents photoresistants existant sur la pastille- Sou- 
vent, meme si l r agent resistant a ete prealablement pele, 
la pastille est immergee a 1'interieur du melange d'acide 
sulfurique-oxydant decrit ci-dessus pour preparer la sur- 
face de la pastille a 1' etape suivante du procede. Lors- 
qu'on a enleve le melange d'acide sulfurique-oxydant des 
pastilles, celles-ci sont alors rincees dans une eau 
deionisee et filtree a une temperature comprise entre 18 
et 23 °C. Une telle eau est aussi utilisee pour toutes les 
autres e tapes de rinqage du procede RCA. 

La deuxieme etape du procede RCA est la sup- 
pression des contaminants organiques residuels et de cer- 
tains metaux. Un melange frais d'eau, d'hydroxyde d 1 ammo- 
nium. et de peroxyde d'hydrogene (E 2 0-NE<OE-E 2 0 2 , 5/1/1 en 
volume) est prepare et chauffe approximativement entre 75 
et 80°C. Les pastilles sont alors immergees dans la solu- 
tion pendant approximativement 10 a 15 minutes, alors que 
la temperature est maintenue approximativement a 80 °C. 
Les pastilles sont alors rincees pendant approximative- 
ment 1 minute dans de 1 1 eau deionisee. 

Si un film de dioxyde de silicium ayant pousse 
tkermiquement ne recouvre pas completement la pastille, 
alors la troisieme etape du procede RCA consiste a peler 
le film d'oxyde aqueux forme dans la deuxieme etape. Les 
pastilles sont immergees a 1'interieur d'un melange 
d'acide f luorhydrique et d'eau (EF-E 2 0, 1/10 en volume). 
"Apres immersion dans 1 ' acide f luorhydrique, les pastilles 
sont rincees, mais pendant seulement 20 a 30 secondes. Ce 
ringage court minimise la nouvelle croissance de l'oxyde. 



La quatrieme etape du procede RCA ' est l a de- 
sorption des contaminants atomizes et ioniques restaats 
Un melange frais d'eau, d'acide chlorhydrique, et de pe- 
roxyde d'hydxogene (E 2 0-EC1-H 2 0 2 , 6/1/1 en volume) est 
prepare et chauffe approximativement a 75-80°C. Les pas- 
tilles sont immergees a l'interieur de la solution pen- 
dant 10 a 15 minutes et sont ensuite rincees dans" de 
1 1 eau deionisee. 

Les etapes cinq et- six consistent a secner et 
stocker les pastilles, respectivement . H doit etxe note 
que dans toutes les etapes precedant le secnage, les pas- 
tilles sent maintenues mouillees entre cnacune des eta- 
pes . 

Le procede RCA est largement utilise mais pose- 
encore certains probl ernes . Un prcbleme avec le procede 
RCA est que les vapeurs d' ammoniac et d'acide cb.lorb.y- 
drique forment une fumee particulaire de chlorure d'ammo- 
nium (NH<C1) lorsqu'elles sont melangees . Ainsi, les so- 
lutions de 1* etape deux et de 1» etape quaere doivent etxe 
maintenues separees (c - es t-a-dire sous des capots 
d'echappement differents) pour eviter la contamination 
despastilles par des particules colloidales de NH<C1 . Un 
second parobleme avec le procede RCA est que la solution 
de nettoyage de 1- etape 2 doit Stre surveillee etroite- 
ment pour empecaer la depletion de E 2 0 2 , du fait que NH<0H 
en absence de E 2 0 2 attaque chimiquement le silicium. En 
tant qu'exemple, une depletion de E 2 0 2 peut apparaitre si 
on laisse monter la temperature de la solution au dessus 
de 80 °C, point au niveau duquel s'ensuit une decomposi- 
tion rapide de H 2 0 2 . En tant qu' autre exemple, si des im- 
puretes peuvent s'accumuler dans la solution, elles peu- 
vent accelerer la decomposition de H 2 0 2 . Un autre pro- 
bleme avec le procede RCA est que pratiquement chaque 
etape se termine par un rincage a 1 1 eau deionisee. Done, 
le processus dans son ensemble consomme une grande quan- 
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titi d'eau. Aussi, un autre problene avec le procede RCA 
est que des contaminants metalliques supplementaires sont 
deposes reellement sur la surface de la pastille du fait 
de I'hydroxyde d' ammonium,. 

Une amelioration du procede RCA est 1' utilisa- 
tion d'un nettoyage par pulverisation centrifuge au lieu 
d'un nettoyage par immersion dans des solutions. Le pro- 
cessus de nettoyage par pulverisation centrifuge agit par 
utilisation d'une sequence de fines pulverisations de so- 
lution de nettoyage et d'eau de purete elevee pour 
mouiller les pastilles, qui sont enfermees dans une cliam- 
bre purgee a l'aide de N 2 - II existe de nombreux a vanta- 
ges a utiliser un nettoyage par pulverisation centrifuge 
a la place d'un nettoyage par immersion dans des solu- 
tions, par • exemple : on consomme des plus petits volumes 
de produits ciiimiques et d'eau deicnisee (approxima- 
tivement . deux tiers de moins) et les surfaces de pas- 
tilles sont exposees continuellement a des solutions 
fraiches de reactif . Un autre avantage du nettoyage pax 
pulverisation centrifuge est que puisque les pastilles ne 
doivent pas ,etre transferees d'une solution vers une au- 
tre, le systeme peut etre automatise en permettant done' 
que 1 1 environnement du processus soit commande avec soin. 

Un procede d 1 enlevement de la contamination 
particulaire insoluble est le recurage aux ultrasons. 
Dans le recurage aux ultrasons, les pastilles sont immer- 
gees dans un milieu liquide adapte auquel est applique 
une energie sonore situee dans la plage allant de 20000 a 
50000 Hz. Une cavitation, la formation et I'ecrasement 
rapides de bulles microscopiques dans le milieu liquide 
sous l'effet de la pression de 1' agitation sonore, pro- 
duisent des ondes de choc qui heurtent les surfaces de la 
pastille. Les ondes ' de choc deplacent la matiere particu- 
laire et la desagregent. Une amelioration par rapport au> 
recurage aux ultrasons est le bain megasonique. Le bain 



5 

megasoaique applique les mines principes que • lea net- 
toyage aux ultrasons mais cependant, le bain megasonique 
utilise des ondes sonores de frequence plus eleve- d'ap 
proximativement 850 kHz. Aussi, le bain megasonique peut 
agir a l'aide des memes solutions qu'utilisees dans le 
processus chimique d' enlevement de film du type RCA. 
L' utilisation des solutions RCA dans le bain megasonique 
permet le nettoyage chimique et la desorption des conta- 
minants tout en enlevant simul tanemeat les particules . 

Comme pour tous les traitements de aettoyaee, 
le recurage aux ultrasons et le bain megasonique oat. des 
problemes qui leur sont associes. Un premier probleme est 
la necessity d'empecher que les ondes de choc ne ' trans - 
portent- les particules et ne les redeposeat sur les sur- 
faces de la pastille lorsqu'elles soat detacaees et torn- 
beat dans le milieu liquide. De maniere courante, pour 
remedier a ce probleme les particules sont enlevees a 
l'aide d'un debordement ou d'une filtration. Un autre 
probleae associe au recurage aux ultrasons et aubain me- 
gasonique est la rupture mecanique du film formant subs- 
trat resultant de l'energie ultrasonique imposee pendant 
le cycle de nettoyage. .De maniere frequente, la rupture 
mecanique du film formant substrat eatraiae une perte de 
film daas certaines zoaes ou, de maniere extreme, la to- 
talite du film peut etre ealevee. Un autre probleme avec 
le recurage aux ultrasoas et le bain megasonique est 
qu'oa peut deposer plus de metaux sur la surface du subs- 
trat que l'on peut en enlever, si le milieu liquide con- 
tient de l'hydroxyde d' ammonium. 

Un autre procede pour enlever la contamination 
particulaire insoluble est la combinaison d'une pulveri- 
sation a pression elevee et d'ua recurage a la brosse 
(brossage) . II existe deux types de recurage a la brosse 
pour les pastilles de silicium: un recurage sur un seul 
cSte et un recurage sur les deux cotes, les deux travaux 
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etant pratiquement les m ernes . Pendant le recurage, -une 
brosse est mise en rotation a travers la surface de la 
pastille. La brosse ne touche pas reellement la pastille 
mais fait de 1 1 aquaplaning sur la surface de celle-ci. La 
brosse (ou les brosses) imp o sent un mouvement aux sol- 
vants du dispositif de recurage et les solvants se depla- 
.gant deplacent les particules. Une pulverisation a I'aide 
de jets sous pression elevee est presque toujours utili- 
see avec le recurage a la brosse. Les jets sous pression 
elevee pulverisent de l'eau deionisee, a un niveau de 
pression d' approxinativement 13,8 a 2 0,7 K?a, a travers 
la surface de la pastille et enlevent les particules d£- 
placees par la brosse ainsi que toutes les particules re- 
siduelles engendrees par la brosse. 

Le probleme courant pour tous les procedes de 
nettoyage de pastille mentionnes ci-dessus est qu'aucun 
de ceux-ci n'enleve les metaux de la surface de la pas- 
tille. Le precede RCA, du fait de 1 ' utilisation d'hy- 
droxyde d 1 ammonium, tend a a j outer plus de metaux sur la 
surface de la .pastille plutSt' que de les enlever. Le re- 
curage aux ultrasons, le bain megasonique, et le recurage 
a la brosse ont le meme probleme que le procede RCA si le 
solvant du dispositif de recurage comporte de l'hydroxyde 
d' ammonium. Un autre probleme en coinmun pour le recurage 
aux ultrasons, le bain megasonique et le recurage a la 
brosse est qu'ils n'enlevent ' pas les metaux a moins 
qu'ils ne soient sous forme de particules et meme alors 
ils ont pour probleme qu'ils redeposent les metaux sur la " 
surface de la pastille. 

II est done necessaire . qu ■ un procede pour enle- 
ver les contaminants metalliques des surfaces d'une pas- 
tille puisse remplacer les procedes de nettoyage de pas- 
tilles existant ou etre utilise en combinaison avec ceux- 
ci pour chaque type de contaminant. 
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=. La presente invention decrit un procede pour 
enlever les metaux d'une surface de substrat qui peut 
remplacer d'autres precedes et systemes de nettoyage de 
substrat ou etre utilise en .association avec ceux-ci". 

La presente invention decrit un procede dans 
lequel un substrat containing est place dans un dispositif 
de recurage de pastille de semi- conduct eur ou le substrat 
est albrs recure dans un milieu liquide. Une solution 
acide est ajoutee au milieu liquide du dispositif de re- 
curage afin d' enlever les contaminants metalliques de la 
surface du substrat. 

Des caract.iristiques et avantages supplemental - 
res de la presente invention appara£tront a la lecture de 
la description detaillee qui va suivre, donnee a titre 
d'exemple uniquement, faite en reference aux dessins an- 
nexes sur lesquels : 

- la figure la est une vue de dessus d'une con- 
figuration generale de systeme de recurage double face 
(RDF) , 

- la figure 1 est une vue en coupe du systeme 
de recurage double face (RDF) de la figure la, 

- la figure 1c est un schema fonctionnel du' 
systeme de recurage double face (RDF) de la figure lb, 

- la figure 2 est un ordinogramme des etapes 
generales de traitement executees dans chaque poste du 
systeme de recurage double face (RDF) des figures la, lb 
et lc. 

On va decrire un procede pour supprimer les me- ' 
taux dans un dispositif de recurage. Dans la description ' 
qui va suivre, de noxnbreux details specifiques sont eta- 
blis tels que des etapes de traitement, des parametres de 
traitement, des materiaux,- des' solutions specifiques, 
etc., afin de fournir une comprehension complete de la 
presente invention. II sera evident, cependant, pour 
l'homme du metier, que ces details specif iques ne sont 
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pas necessaires pour la mise en pratique de la presente 
invention. Dans d'autres cas, des e tapes de traitement 
bien ccnnues et des nateriaux bien connua n'ont pas ete 
decrits en detail afin d'.eviter d'obscurcir de maniere 
5 inutile la presente invention. 

La presente invention peut etre utilisee dans 
de ■ nombreux processus de nettoyage de substrat. Bien que 
la presente invention soit decrite en association avec le 
recurage d'une pastille ou d'un substrat, il sera note 

10 que tout substrat ayant une forme siinilaire, c'est-a-dire 
un substrat de maniere generale plat, peut etre traite 
par les procedes et appareils de la presente invention. 
En outre, il sera note que faire. reference a une pastille 
ou a un substrat peut comporter un . substrat semi- 

15 conducteur nu on pur, avec ou sans -produit dopant, un 
substrat semi -conducteur ayant des couches epitaxiales, 
un subs trat s emi - conducteur comportant une ou plusieurs 
couches de dispositif au niveau d'une etape quelconque du 
traitement, d'autres types de substrats comportant une ou 

2 0 plusieurs couches de semi -conducteur tel que des subs- 
trats ayant des dispositifs semi -conducteur sur isolateur 
ou des ■ substrats pour traiter d'autres appareils et dis- 
positifs tels que des panneaux d'affichage plat, des mo- 
dules a plusieurs puces etc. Cependant, pour eviter 

25 d'obscurcir la presente invention, la description qui va 
suivre va decrire le nettoyage d'une pastille en general 
et.. en tant qu 1 example de mode prefere de realisation va 
decrire 1 1 utilisation de la presente invention dans un 
traitement de recurage. 

30 La presente invention peut ' remplacer des pro- 

cessus de nettoyage de pastille existant ou etre utilisee 
en comb.inaison avec ceux-ci. Dans* les processus de net- 
toyage de semi -conducteur des solutions basiques 
(solutions ayant un niveau de pH d 1 approximativement 7 a 
■35 14) sont utilisees pour enlever les particules et les 
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films des surfaces de la pastille. En general, les pro- 
cessus de nettoyage existant utilisent uniquement des so- 
lution basiques qui enlevent les particules et les filing 
qui ne contiennent pas de netaux. La presente invention 
ajoute une solution acide a une solution basique, abou- 
tissant a 1'equilibre, et creant done une solution qui 
enleve simul tanement les particules et les films qui ne 
contiennent pas de metaux ainsi que les particules et les 
films qui contiennent des metaux. En general, la presente 
invention implique 1 1 utilisation de solutions d'acide ci- 
trique, seules ou supplementees d'autres reactifs chela- 
teurs ou modif icateurs de pE, pour enlever la contamina- 
tion d'une pastille, y compris les metaux. Aussi, la pre- 
sente invention aide a empecber le redepot des particules - 
contenant des metaux qui ont ete enlevees ou qui ont ete 
engendrees par le systeme de nettoyage lui-meme. 

La presente invention comporte 1 1 utilisation de 
solutions d' acide citrique et d'autres solutions acides 
ayant des proprietes similaires dans des traitements de 
nettoyage de pastilles de semi-conducteur. Le concept ge- 
neral derriere 1 1 utilisation d ! acide citrique. .dans la 
presente invention est que 1« acide citrique a des pro- 
prietes de chelation et de potentiel zeta qui la rendent 
utile dans la suppression des metaux de la surface d'un 
substrat de semi-conducteur et pour eviter que les metaux 
ne soient redeposes sur la "surface du substrat lorsqu'ils 
ont ete enleves. La propriete de cbelation de 1 1 acide ci- 
trique permet une complexion, c 1 es t-a-dire* la formation 
de composes d 1 acide citrique et de metal, supprimant ain- 
si les metaux de la surface du substrat. La propriete de 
potentiel zeta de l f acide citrique va jusqu'a un poten- 
...tiel zeta positif sur positif, entre la surface du subs- 
trat et toute particule contenant un metal, tel que la 
surface du substrat et la particule se repoussent l'une 
1' autre. Ainsi, la particule ne sera pas redeposee "sur la * 
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surface du substrat. II sera evident pour l'honnae du ae- 

< 

tier que d'autres solutions acides ayant des proprietes 
similaires a I'acide citrique peuvent etre utilisees a la 
nlace de l'acide citrique ou en comb inai son ■ avec celui- 
5 ci, par exemple l f acide oxalique et le citrate di- 
ammonique . 

Pendant le traitement. d'un semi-conducteur et 
pendant le nettoyage d'une pastille de s emi- conduct eur, 
les substrats prelevent des contaminants. En generale, il 

10 existe deux types de contaminants: les particules et les 
films. La presente invention est parti culierement utile 
dans la suppression de contaminants sous forme de parti - 
cule et de film qui contiennent des metaux (contaminants 
metalliques) , mais il sera evident pour 1 1 homme du metier 

15 que d'autres contaminants tels que le silicium, une ma- 
tiere plastique, et des particules de silicate 
(contaminants generaux) , seront aussi ' enleves par la pre- 
sente invention. 

II existe de nombreux procedes qui en lev en t les 

2 0 contaminants de la surface du substrat,. tel que le proce- 

de RCA, ou le recurage aux ultrasons, le bain megasoni- 
que," et le recurage a la brosse en combinaison avec une 
pulverisation haute pression (brossage) . Chacun de ces 
procedes peut etre mis en oeuvre dans differents modes de 
25 realisation ou systemes, par exemple, le recurage a la 
brosse peut etre realise en utilisant un systeme de recu- 
rage a la brosse sur un seul cote ou un systeme de recu- 
rage a la brosse sur deux c5tes . Quel que soit le mode de 
realisation utilise pour un precede de nettoyage particu- 

3 0 lier, tous les procedes out encore le probleme constitue 

par le -fait d'ajouter des contaminants metalliques sur le 
substrat. 

Lorsque les "substrats sont immerges dans des 
solutions de nettoyage et des solutions de rinc;age, les 
3 5 substrats peuvent prelever de 1 1 aluminium (Al) et du zinc 
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(Za) contaminant provenant des matieres plastiques utili- 
ses dans le systeme de nettoyage. Aussi, si le systeme 
de nettoyage utilise une solution qui comporte de l'hy- 
droxyde d ' ammonium (NH<OH) , la solution de NH<OH peut en- 
trainer le depot sur le substrat de contaminants aetalli- 
ques supplementaires tel que l 1 aluminium (Al) , l e zinc 
(2a) # le calcium (Ca) et le magnesium (Mg) . Des procedes 
specifiques de nettoyage peuvent entrainer plus de conta- 
mination metallique que d'autres. Par exemple, les proce- 
des de nettoyage qui utilisent des dispositifs de recu- 
rage entrainent une contamination du substrat par les me-, 
taux alcalins aussi importante que 1 ■ exces existant dans 
les traitements sans dispositif de recurage. Les contami- 
nants constitues de metaux alcalins proviennent de nom- 
breuses sources, par exemple des matieres plastiques uti- 
lisees dans le systeme- de recurage et provenant des bxos- 
ses de recurage elles-memes . La presente invention est 
par consequent utile pour enlever les contaminants metal - 
liques deposes pendant le traitement de pastilles de se- 
mi-ccnducteur ainsi que la contamination metallique en- 
trainee par les processus de nettoyage eux-memes. 

En tant qu" exemple et non pas de limitation, la 
presente invention est decrite en liaison avec un procede 
de recurage, de maaiere plus specifique un procede de re- 
curage double face. La figure la represente la vue de 
dessus d'une configuration geaerale de systeme de recu- 
rage double face (systeme RDF) . Le dispositif de recurage 
comporte plusieurs postes. Chacun des ces postes repre- 
sente une qu plusieurs etapes du processus de nettoyage- 
du substrat. Les substrats contamines sont charges au ni- 
veau d'une extremite du systeme et les substrats non con- • 
tamines ou moins contamines sont decharges a partir de 
1' autre extremite du systeme. Un exemple de systeme et de 
systemes de ce type est le dispositif de recurage double 
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face DSS-200 disponible aupres de On Track Systems, Inc. 
de Milpitas, California. 

Les figures lb et 1c representent une vue en 
coupe transversale et-un ordinogramme d'une configuration 
5 de systeme RDF (systeme de nettoyage) respectivement. La 
figure 2 represente un ordinogramme des etapes generales 
de traitement executees dans chaque poste du systeme de 
nettoyage RDF incorporant la presente invention. Habi- 
tuellement, les substrats contamines 100 sont envoyes 

10 vers le systeme de nettoyage apres polissage mecanique 
chimique (PMC) ou a partir d 1 un banc humide. Au niveau du 
demarrage du processus de nettoyage les substrats conta- 
mines 100 sont charges a l'interieur d'une cassette 180 
pour pastille (et la cassette 180 est ensuite placee a 

15 l'interieur du poste d'indexage d'humidite envoyee 110. 

Dans le poste d'indexage d'humidite envoyee 
110, l'etat de surface des substrats 100 est modifie de- 
puis hydrophobe vers hydrophile. La presente invention 
est utilisee dans cette etape de telle sorte que I'etat 

2 0 de surface du substrat peut etre modifiee sans l 1 augmen- 

tation habituelle de la contamination metallique superfi- 
cielle associee a cette etape du precede. Pour accomplir 
ceci, les substrats 100 sont immerges dans une solution 
d'acide citrique et de percxyde d'hydrogene dont le ni- 
25 veau de pH a ete ajuste entre approximativement 6,5 et. 
14. II sera evident pour 1 ' hoinme du metier que 1' acide 
citrique peut etre remplace par d'autres acides ayant des 
caracteris tiques similaires a celles de 1 1 acide citrique, 
par exemple le citrate di-ammonique . Le niveau de pH de 

3 0 la solution d* acide citrique et de peroxyde d'hydrogene 

est ajuste en ajoutant une composition basique. Dans un 
mode courannnent prefere de realisation, 1 1 hydroxyde d 1 am- 
monium est utilise en tant que composition basique. Ce- 
pendant, il sera evident pour 1 1 homme du metier que des 
35 compositions basiques telles que de la choline, de l.'hy- 
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droxyde tetramethyle, ou toutes combinaisons de ceux-ci 
peuvent aussi etre utilisees. Dans ua mode de realisation 
prefere, l'etat de surface d'un substrat de silicium. est 
modifie d' hydrophobe en hydrophile apres approximative- 
5 ment 15 a 30 secondes dans tine solution d'eau, de pe- 
roxyde d'hydrogene, et d'hydroxyde d ' ammonium (E 2 0-E 2 0 2 - 
NH<OE, 20/1/0,09 en volume) et d'acide citrique selon un 
pourcentage ponderal d 1 approximativement 0,57. Ua autre 
mode - prefer e de realisation* modifie l'etat de surface 

10 . d ! un suhstrat de silicium d'hydrophobe en hydrophile 
apres approximativement 15 a 30 secondes dans uae solu- 
tion d'eau, de peroxyde d'hydrogene, et d'hydroxyde d r am- 
moniun (H 2 0-E 2 0 2 -NH^OH, 10/1/0,08 en volume) et d'acide 
citrique selon un pourcentage ponderal d' approximative- 

15 ment 1,0. II' doit etre note que dans les modes preferes 
de realisation decrits ci-dessus le peroxyde d'hydrogene 
et 1 ' hy droxyde d f ammonium represente • approximativement 28 
a 3 0% des reactifs du concentrat, Lorsque l J etat de sur- 
face des substrats 100 a ete modifie en hydrophile, les 

20 substrats 100 sont alors enleves automatiquement de la 
cassette 180 et places, un a la fois, a 1'interieur du 
poste de brossage exterieur 120. 

Dans le poste de brossage exterieur 120, le 
substrat 101 est traite par 1 1 in termediaire d'ua premier 

25 recurage. Des jets d'eau 121 et 122 maintiennent le subs- 
trat, humide pendant le premier recurage. Le substrat 101 
est revetu d'une solution d'hydroxyde d' ammonium (NH^OH) 
par un sy steme 123 de fourniture de produit chimique. Le 
systeme 121 de fourniture de produit chimique peut appli-. 

30 quer de differentes maaieres la solution sur le substrat 
101. Un procece de la technique anterieure consiste a 
pulveriser la surface du substrat a 1' aide "des produits 
chimiques. Un nouyeau procede consiste a deverser les 
produits chimiques directement sur les brosses 124 qui a 

35 leur tour appliquent les produits chimiques sur la sur- 
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face du substrat.'on peut se reporter a la demande de 
brevet intitulee "Drip chemical Delivery And Apparatus- 
es aoa de Wilbur C. Krusell et autres , deposee a la meme 
date que la presente demande,- -laquelle demande a ete ce- 
dee a la cessionnaire de la presente demande. 

La concentration de la solution d'hydroxyde 
d' ammonium varie avec le type de substrat qui doit etre 
nettoye. Des exemples de concentration et de substrats 
corresnondants sent: 1 ■ utilisation de NH.OH i 0,66% en 
poids pour utilisation dans le nettoyage de surfaces hy- 
droceles de silicium purou epitaxial et 1 • utilisation 
d-une solution de SH 4 0H a 2,0% en poids destine a etre 
utilisee dans le nettoyage de films d'oxyde ILD polls. 
Les solutions de NH.OH sont habi tuellement constitutes en 
poids et controlees par le niveau de pH. De maniere gene- 
rale, pour les examples domes ci-dessus, la solution a 
0,66% en poids a un niveau de pE d' approximativement 11,2 
et la solution a 2,0% en poids a un niveau de pH d'ap- 
proximativement 11,8. II est reconnu dans la technique 
que dans un environnement thermique stable ces niveaux de 
p" H oeuvent etre commandes dans la plage de plus ou. aoins 
0/ l" unite. II doit etre note que la solution d'hydroxyde 
d' ammonium peut ccmporter d' autres tensioactif s neutres 
ou alcalins (ioniques ou non- ioniques) . Aussi, pour des 
applications a pH plus eleve, dans la plage de pH d'ap-. 
proximativement 12 a 13, de 1 ' hydroxyde tetramethyle, de 
la sonde (NaOH) et de la potasse (KOH) peuvent etre ajou- 
' tes a la solution d'hydroxyde d'ammonium. 

Comme precedeament decrit, la solution d'hy- 
droxyde d' ammonium et le systeme de brossage lui-meme en- 
levent les contaminants generaux mais ajoutent des conta- 
minants metalliques sur la surface du substrat. Ainsi un 
autre recurage peut etre utilise pour enlever les conta- 
minants metalliques supplementaires . 
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Le sub's trat recure 102 est alors enleve automa- 
tiquement du poste de brossage exterieur 120 et place 
dans le poste de brossage interieur 13 0. Pendant le 
trans fert depuis un poste de brossage vers le suivant, le 
5 substrat 102 est maintenu mouille par des jets d'eau 122, 
Dans le poste de brossage interieur 130, le substrat 102 
est traite par 1 1 intermediaire d'un second recurace. Le 
substrat 102 est revetu d'une solution d* acide citrique 
par un systeme de fourniture de produit cliimique 131. 

10 Comme dans la premiere etape de recurage, le systeme 131 
de fcumiture de produit chimique peut appliquer la solu- 
tion d* acide citrique en utilisaat le procede de la tech- 
nique anterieure consistant a la pulveriser sur la - sur- 
face du substrat ou en utilisant le nouveau procede ref e- 

15 rence ci-dessus consistant a la projeter sur les brosses 
134 qui a leur tour l'appiiquent sur la surface du subs- 
trat.- 

Non seulement la concentration et 'le niveau de 
pE de la solution acide varient avec le type de substrat 

2 0 nettoye, comme avec la solution d'hydroxyde d 1 ammonium, 
mais le type d 1 acide utilise varie aussi avec le type de 
substrat qui est a nettoyer. Plusieurs exemples (modes 
preferes de realisation) de ces relations sont decrits 
ci-dessous. Cependant, il doit etre note que ceux-ci sont 

25 donnes a titre d'exemple et non pas de limitation de la 
portee de la presente- invention. II sera clair pour 
1 1 hontme du metier que d'autres modifications de la pre- 
sente invention aboutiront a des buts similaires. 

Un mode prefere de realisation est I'utilisa- • 

30 tion d' une solution alcaline constitute de citrate d'am- 
monium pour nettoyer des types specifiques de substrat. 
Ces substrats comportent (mais^ne sont pas limites a 
ceux-ci) des substrats de silicium pur, des substrats 
epi-taxiaux de silicium, des ■ oxydes CVD mis a croitre 

35 thenniquement (dopes et non- dopes ) , et des oxydes PVD mis 
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a croitre thenaiquement (dopes et non-dopes) . Les oxydes 
mis a croitre thenaiquement peuvent etre nettoyes a la 
fois apres depot et apres polissage mecanique a I'aide de 
produit chimique. 
5 Un second mode prefere de realisation utilise 

une solution d 1 acide citrique constitute d 1 approximative- 
ment. 0,05 a 10,0% en poids pour nettoyer les surfaces du 
substrat. 

Un autre mode prefere de realisation est utili- 

10 se pour reduire ' le niveau de contamination metallicque 
apres polissage metallique a 1 1 aide de produits chimiques 
(CHP) tels cue celle laissee en arriere par des boues 
contenant de 1 1 oxyde d' aluminium ou de 1 * oxyde de cerium 
et des melanges de ces boues avec des boues de silice fu- 

15 mees ou colloldales standard. Dans ce mode prefere de 
realisation, les solutions d 1 acide citrique ou d.' acide 
oxalique, et les solutions melangees des deux reactifs 
ayant des niveaux de pE d.' approximativement 1,6 a 2,8 
sont utilisees . Par exemple, des solutions d 1 acide citri- 

20 que d 1 approximativement 0,1 a 0,3% en poids sont utili- 
sees pour nettoyer des substrats de silicium pur ayant 
une' faible contamination. Un autre exemple est 1' utilisa- 
tion de solutions d* acide citrique d' approximativement 
0,5 a 2,0% en poids pour nettoyer des substrats apres po- 

25 lissage CHP, en particulier' lorsqu'une boue de A1 2 0 3 est * 
utilisee pendant le procede CKP. Un autre mode prefere de 
realisation consiste Icrsque ces memes solutions acides 
sont melangees avec des tensioactifs dilues (en particu- 
lier des detergents, acides) a aboutir a une solution de 

3 0 nettoyage capable d'enlever les particules, les metaux et 
les films organiques superf iciels 

Apres le second recurage, le substrat. 103 est 
alors enleve autcmatiquement du pbste de brossage inte- 
rieur 130 et place a l'.interieur du poste de rinqage, 

35 mise en rotation e; sechage 140. Pendant le transfert de- 
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puis le poste de brossage iaterieur 130 vers le poste de 
rincpage, mise en rotation et sechage, le substrat *103 est 
niaintenu humide par des jets d ! eau 132. Le poste 140 de 
rin^age, raise en rotation et sechage rince met en rota- 
tion et seche le substrat. Le substrat 104 represante un 
substrat traite dans le poste 140 de rinqiage, mise en ro- 
tation et sechage. Au niveau de ce point, la pastille a 
ete nettoyee. Cependant, il. doit etre note que le subs- 
trat peut etre encore nettoye par utilisation d'un autre 
systeme de nettoyage tel qu'un bain megasonique, un dis- 
positif de recurage de face unique, ou etc. Si un autre 
nettoyage est voulu, le processus de suppression de me- 
taux est facilite si les substrats sont transportes et/ou 
stockes dans des solutions contenant de 1 1 acide citrique. 

Lorsque les etapes de rinc;age, mise en rotation 
et sechage sont terminees, le -substrat 105 est transports 
depuis le poste de rin<;age, mise en rotation et sechage 
140 vers le poste de sortie ISO ou le substrat 105 sera 
place a 1 1 interieur d f une cassette 181. Le transfert est 
habituellement mis en oeuvre par un bras de robot qui 
leve le substrat a 1 1 exterieur du poste .140 de rincjage, 
mise en rotation et sechage par ses bards et le place a 
1' interieur de la cassette 181. La cassette est ensuite 
transferee vers un stockage ou vers un autre systeme de 
nettoyage ou de tr^itement. - 

II sera clair pour 1 1 homme du metier que cer- 
taines des etapes du systeme RDF decrites ci-dessus peu- 
vent'etre mises en oeuvre dans un autre ordre ou a 1 1 aide 
de solutions autres que.celles presentees. Par exemple, 
les solutions d ! hydroxyde d 1 ammonium et d'acide citrique 
utilisees dans les poste de brossage 120 et 130, respec- 
tivement/ peuveht etre inversees. . En tan t qu' autre exam- 
ple, differentes solutions, telles ■ que de I'eau, peuvent 
etre utilisees a la place de la solution d f hydroxyde 
* ' ammonium , Pour d' autres exemples de solutions et d'eta- 
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pes de traitement se reporter aux exenples 1 a 4 decrits 

■ 

ci-dessous . 

II sera note que biea que la description, ci- 
dessus ait represents 1 1 utilisation de la presente inven- 
tion dans un systeme de recurage double face, la presente 
invention peut etre utilisee dans d'autres systemes et 
processus de nettoyage.' Par exemple, dans des systemes de 
recurage simple face, I'etape* de recurage a l'acide ci- 
trique peut etre ajoutee entre I'etape de recurage a 
1'bydroxyde d 1 ammonium ou a l'eau et le cycle final de 
rinqage. Un autre exemple, dans . des systemes de recurage 
aux ultrasons et de bain megasonique consiste a utiliser 
une solution d'acide citrique a la place ou en plus de 
1'un ou 1' autre parmi la solution d'hydroxyde d' ammonium 
ou le recurage a l'eau, Un autre exemple, dans le procede 
RCA, consiste a remplacer la solution- d f hydroxyde d'ammo- 
nium par la solution d l acide citrique ou d'utiliser une 
etape separee utilisant la solution d'acide citrique en 
association avec le precede RCA. De plus, il sera note 
que rune quelconque des solutions d'acide citrique ou 
d'acide similaire peut - etre utilisee pour le stockage 
et/ou le transport des substrats pendant le processus de 
fabrication. Par exemple, les pastilles peuvent etre 
stockees dans une solution d'acide citrique ou d'acide 
similaire apres un traitement, tel qu'un traitement meca- 
nique a l'aide de produits cbimiques, transportees vers 
un processus de "nettoyage tel qu'un processus de net- 
toyage decrit ci-dessus, a nouveau dans une solution 
d f acide citrique si on le desire, 'et ensuite stockees 
et/ou transportees dans une solution d'acide citrique 
avant le traitement suivant. Le stockage et le transport 
dans la solution d'acide citrique' ou d'acide similaire 
aide a empecher la contamination pendant le stockage ou 
le transport, ce qui est particulierement benefique pour 
main ten.-' - la. proprete apres un processus de nettoyage. 
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II sera note qu'en fonction de I'etat du subs- 
trat (par exemple l 1 amplitude de la ■ contamination sur la 
surface du suhstrat et quel type de contamination existe 
sur cette surface), et des resultats particuliers voulus 
5 (par exemple on desire enlever des particules, des metaux 
ou les deux) les diverses solutions, procedes et systemes 
de nettoyage peuvent etre utilises selon une gxan.de di- 
versity de combinaisons pour produire le suhstrat voulu. 
Pour illustrer quelques types differents de systemes et 

10 de ■ processus dans lesquels la presente invention pent, 
etre utilisee, les exeaples qui suivent sont donnes 
(exemples 1 a 4) . Les exemples 1 a 4 ne sont pas exclu- 
sifs et sont principalement utilises en tant qu ■ illus trac- 
tion de la presente invention et ne limitent pas la por- 

15 tee de celle-ci. Une ou plusieurs etapes dans un exemple 
quelconque peuvent etre utilisees a- la place ou en plus 
d' etapes d'un autre exemple. D'autres modi-fi cations des 
exemples peuvent etre faites, y compris 1 1 utilisation de 
concentrations differentes ou de combinaisons differentes 

2 0 de produits chimiques, etc. 

Exemple 1 

Dans un systeme de recurage double face stan- 
dard, un indexa'ge d'humidite envoyee est utilise pour mo- 
difier I'etat de surface des substrats d 1 hydrophobe en 

2 5 hydrophile. Les substrats sont ensuite transferes vers le 
poste de brossage exterieur ou les substrats sont recures 
dans une solution d 1 hydroxyde d 1 ammonium (NE<OE) pour en- 
lever la contamination generale particulaire „ Les subs- 
trats sont ensuite transferes vers le poste de brossage 

30 interieur ou les substrats sont recures dans une solution 
d'acide citrique pour enlever la contamination metalli- 
que. Les substrats peuvent alors etre rinces, mis en ro- 
tation, seches et stockes. 
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Exemple 2 

Dans un systeme de recurage double face stan- 
dard, un indexage d'numidite envoyee est utilise poux mo- 
difier l'etat de surface des substrats d ' hydrophobe en 
hydropnile. Afin de reduire 1' amplitude de la contamina- 
tion metallique associee habituellement a ce procede, une 
solution d'acide citrique est a j out fie au debut de ce pro- 
cede. Les substrats sont ensuite transferes vers le poste 
de brossage exterieur ou. les substrats sont recures dans 
de 1'hydroxyde d' ammonium (NE<OE) pour ealever la conta- 
mination particulaire generale. Les substrats sont en- 
suite transferes vers le poste de brossage interieur ou 
les substrats sont recures une seconde fois dans une so- 
lution d'acide citrique pour enlever la contamination me- 
tallique supplementaire. Les substrats peuvent alors etre 
rinces, mis en rotation, seches et stockes. 

Exemple 3 

Cet exemple concerne les substrats' epitaxiaux 
de silicium utilisant des solutions d'acide citrique 
d'approximativement 0,1 a. 0,3% en poids dans un systeme 
de recurage double face ou 1 ' indexage d'humidite envoyee 
a ete remplace par un bain megasonique. L'etat de surface' 
des substrats est modifie d ' hydr ophob e en hydropnile et 
la contamination est enlevee dans le bain megasonique. En 
fonction du type de contamination que 1 ' on desire enle- 
ver, on peut utiliser divers es solutions dans le bain me- 
gasonique, telles que NE<OE-E 2 0 2 -E 2 0 (solution' SC-1 du 
procede RCA) pour enlever la contamination par film, 
NH,OE-E 2 0 2 -E 2 0 pour enlever la contamination particulaire 
generale, NH<OE-E 2 0 2 -E 2 0 avec de l'acide citrique pour en- 
lever la contamination par film et la contamination me- 
tallique ou juste de l'acide citrique pour enlever la 
contamination metallique. Les substrats sont ensuite 
transferes depuis le bain megasonique vers le poste de 
brossage exterieur ou les substrats peuvent etre recures 
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dans NH 4 OH pour -enlever la contamination particulaire ge- 
nerale, NH.OH avec de l'acide citrique (a un niveau de oH 
d'approximativement 8 a 11) pour enlever la • contamination 
particulaire generale et la contamination metallique, 
juste de l'acide citrique pour enlever la contamination 
metallique, ou juste de l'eau. Les substrats sont ensuite 
transferes vers le poste de brossage interieur ou les 
substrats sont recures dans une solution d'acide citrique 
pour enlever la contamination metallique, Les substrats 
peuvent. alors etre rinces,- mis en rotation, seches et 
s tockes . 

Exemple 4 

Cet exemple conceme les substrats apres. CMP 
utilisant des solutions d'acide citrique d' approximative- ' 
ment 0,5 a 2,0% en poids, dans un systeme de recurage 
double face ou l'indexage d'humidite envoy ee a ete rem- 
place par un bain megasonique. L'etat de surface des 
substrats est modifie d • hydrophobe en bydrophile et la 
contamination est enlevee dans le bain megasonique. En 
fonction du type de contamination que 1 1 on desire enle- 
ver, on utilise diverses solutions dans le bain megasoni- 
que, tel que NH,OH-H 2 O 2 -H 2 0 (solution SC-1 de RCA) pour' 
enlever la contamination par film, du NH 4 0H dilue pour 
enlever la contamination particulaire generale, du -NH<OH 
avec de l'acide citrique pour enlever la contamination 
particulaire generale et la contamination metallique, ou* 
.juste de l'acide citrique pour enlever la contamination 
metallique. Les substrats sont ensuite transferes du bain 
megasonique vers le poste de brossage exterieur ou les ■ 
substrats peuvent etre recures dans N-K^OH pour enlever la 
contamination particulaire generale, ou dans de l'acide 
citrique pour enlever la contamination, .metallique. Les 
substrats sont ensuite transferes vers le poste de bros- 
sage interieur ou les substrats peuvent etre recures dans 
une solution d'acide citrique pour enlever la contamina- 
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tion aetallique ou' juste de l'eau. Les substrats peuvent 
alors etre rinces, mis en rotation, seches et stockes. 

Ainsi, un procede de suppression de metaux dans 
un dispositif de recurage a ete decrit. Bien que des mo- 
5 des specif iques de realisation, y compris un equipement 
specifique, des etapes de trai tement, des parametres de 
traitement, des materiaux, des solutions specifiques etc. 
aient ete decrits, diverses modifications des modes de 
realisation decrits apparaitront a l'homne du metier a la 

10 lecture de la presente description. Par consequent, il 
doit etre compris que de tels modes de realisation sont 
s implement representatif s de l c invention dans son sens 
large et non pas ""restrictif et que la presente invention 
n'est pas limitee aux modes de realisation specifiques 

15 representes et decrits . 



REVINDICATIONS 

1. Procede de traitement d'un substrat consis- 

tant a : 

fournir un substrat, 

immerger ledit subs trat dans une solution com- 
portant un melange d' acide et de peroxyde d' hydrogene, 

ajuster ladite solution a un niveau de pH d'aD- 
proximativement 6,5 a 14. 

2. Procede selon la -revendication 1, caracteri- 
se en ce que ledit acide est choisi parmi le groupe cons- 
titue de l 1 acide citrique et du citrate di-amnionique • 

3. Procede selon la revendication 1, caracteri- 
se en ce que ledit niveau de pH est ajuste en ajoutant 
une composition basique. 

4. Procede selon la revendication 3/ caracteri- 
se en ce que ladite composition basique est chdisie parmi 
le groupe constitue d'hydroxyde d 1 ammonium, de la cho- 
line, et de 1 ' hydroxyde de tetramethyle ammonium. 

5. Procede de traitement d'un subs trat, carac- 
terise en ce qu'il consiste a: 

fournir un substrat, 

innnerger ■ ledit substrat dans une solution com- • 
portant une solution d* acide et de peroxyde d 1 hydrogene, 
dans laquelle ledit acide est choisi parmi le groupe 
constitue de 1* acide citrique et du citrate- di-ammonique, 

ajuster ladite so-lution a un niveau de pH d'ap-* 
proximativement 6,5 a 14, ledit niveau de pH etant ajuste 
en ajoutant une composition basique, et ladite composi- 
tion basique etant choisie dans le groupe constitue de: 
hydroxyde d' ammonium, choline, et hydroxyde de tetrame- 
thyle ammonium. 

6. Procede. pour reduire simul tanement les me- 
taux superficiels et les particules generales dans un 
dispositif de recurage, caracterise en ce qu'il consiste 
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strat, 

bstrat dans un dispositif de re- 
-ibstrat, et 

: .utioa acide dans ledit disposi- 
3 recurage dudit substrat, 
i la revendication G, caracteri- 
-ion acide est constitute de ci- 

r reduire simultanement les m'e- 
? particules generales dans un 
•e pastille, caracterise en ce 

.rat, 

strat dans un dispositif de re- 
ostrat, et 

*. 

* -tion acide audit dispositif de 
ledit substrat, ladite- solution 
citrate d' ammonium, 
enlever l es contaminants metal- 
surfaces d'un substrat dans un 
aracterise en ce qu'il consiste 

rat, ' 

substrat mouille apres polis- 
•1 de silicium, et.avaat recu- 

'trat dans un dispositi 



spositif de re- 



bstrat dans u 



ime solution de 



re- 



-ion constitute d'acide citri- 
"scurage tout, en recurant ledit 
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ledit substrat mouille apres polis- 
It substrat dans un dispositif de re- 



sdites pastilles dans une solution de 
des tensioactifs dilues et un reac- 

,e selon la revendication 13, caracte- 
lits tensioactifs dilues sont consti- 
icides . 

le selon la revendication 13, caracte-v 
.t reactif est cboisi panni le groupe 

Ltrique, 1* acide oxalique, et d'un me- 
cide citrique et d' acide oxalique. 
de selon la revendication 13, caracte- 
Ite solution de recurage con tenant le- 
.veau de pH situe dans la plage de 1,6 

Sde pour enlever des particules, des 
s organiques superficiels apres polis- 
1 aide de produit chimique, caracterise 
:e £ : 

m substrat, 
lit substrat, 

r ledit substrat mouille apres polis- 
rage, 

edit substrat dans un dispositif de re- 

lesdites pastilles dans une solution de 
:e de tensioactif dilue et d'un reactif, 
quel lesdits tensioactifs dilues son't 
irgents acides, 

juel ledit reactif est choisi panni le 
de l* 1 acide citrique, de I'acide oxali- 



fournir un substrat, 

placer ledit substrat dans un dispositif de re- 



curage, 



recurer ledit substrat, et 

ajouter une solution acide dans ledit disposi- 
tif de. recurage pendant le recurage dudit substrat. 

7. Procede selon la revendication 6, caracteri- 
se en ce que ladite -solution acide est constitute de ci- 
trate d 1 ammonium . 

8 . Procede pour reduire simul tanement les me- 
taujc . superf iciels et les particules generales dans un 
dispositif de recurage de pastille, caracterise en ce 
qu'il consiste a; 

foumir un substrat, 

placer ledit substrat dans un dispositif de re- 
curage, 

recurer ledit substrat,. et 

ajouter une solution acide audit dispositif de 
recurage tout en recurant ledit substrat, ladite solution 
acide etant constitute de citrate d' ammonium. 

9. Procede pour enlever les contaminants metal - 
liques superf iciels des surfaces d'un substrat dans un 
dispositif de recurage,- caracterise en cequ'il consiste 
a : 

foumir un substrat, 

maintenir ledit substrat -mouille apres polis- 
sage, apres depot epitaxial de silicium, et avant recu- 
rage, 

placer ledit substrat dans un dispositif de re- 
curage, 

recurer ledit substrat dans une solution de re- 
curage, 

ajouter une solution constitute d'acide citri- 
que a ladite solution de recurage tout en recurant ledit 
substrat. 
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dans lequel ledit potentiel zeta est u&« repul- 
sion positif a positif, 

dans lequel une solution de nettoyage etablit 

ledit potentiel zeta, . . 

dans lequel ladite solution de nettoyage a un 
niveau de pK situe dans la plage allant approximativement 

de 0 a. 2 , 8 , et 

dans iequel ladite solution de nettoyage est 
choisie parmi le groupe constitue de: l'acide citrique, 
1< acide oxalique, et d'un melange a la fois d'acide ci- 
trique et d' acide oxalique. 

23. Procede de traitement d'un suistrat carac- 

terise en ce qu'il consiste a: 

traiter un substrat dans une premiere operation 

de traitement, 

maintenir ledit substrat dans une solution com- 

portant un acide, et 

traiter ledit substrat dans une seconde opera- 
tion de traitement. 

24 / Procede selon la revendication 23, caracte- 
rise en ce que ledit acide est cboisi parmi le groupe 
constitue de: l'acide citrique, le citrate d'ammonium et 

l'acide oxalique. 

25. Procede selon la revendication 23, caracte- 
rise en ce que ladite premiere operation de traitement 
est constitute d''une operation de recurage. 
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A3STRACT 

"k- invention relates to a method o£ removing metallic 
conraninants in a process for cleaning a substrate, which 

■u .^^rt r^nc^inc , ultrasound, 
v A ~ T?'r^ ; cular / by wiping* d.us,.^/ 
cleaning nay be, in pa CUisi -' 

.eoasound. or other mean,. The invention »ay replace other 
svs^, tor cleaning a or ~y b* «-* * "»eLti« 

.„-h such Cher systens. According to che invention, a «tr« 
,c-d solution is added to a liquid xediu* 1» » for 
e W-TB a substrate which substrata »y be. in particular, a 
.e,icon=.,c--==. A S.-cripticn .i application of the n,echcd with 
an apparatus for double-surface cleaning of a substrate is 



provided . 
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Pace 1 

The invention relates to methods of treating a substrate, 
particularly a method cf removing metallic contaminants during a 
cleaning treatment applied to, e.g., semiconductor wafers. 

In fabrication of semiconductor devices, the surface of -he 
semiconductor wafer needs to be cleaned to remove contaminants. 
If the contaminants are not removed, they can [adversely] affect 
the performance of the device and can give ri3e to premature 
failure of the device. 

In general there are two types of contamination on wafers -- 
particulate and film. Particulate contamination consists of 
particles cf material of various types, having readily definable 
boundaries, which particles are present on the surface of the 
wafer. The particulate material may be, e.g., silicon powder, 
du3t introduced from the atmosphere, particles o£ plastic 
material, or silicate particles. Film contamination comprises 
films comprised of foreign matter disposed on the surface is) of 
the wafer. The film material may comprise, e.g.: metal, 
photoresist residue, or solvent residue. Films present the 
additional hazard that if they disintegrate they may release 
metal particles from [ (and back onto)] the surface, for example. 

There are a plurality of cleaning processes which have beer- 
devised to reduce and suppress the said two types of 
contamination of wafers. In general, contamination in film, form 
can be removed by chemical cleaning treatments, and particulate 
contamination can be removed by ultrasonic cleaning treatments, 



cr cleaning involving both pressurized spraying and mechanical 
cleaning {e.g. wiping, brushing, cr the like). 

The currently favored method or chemical cleaning is the so- 
called RCA net hod. The ^CA method is 
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used for cleaning bare silicon, or for cleaning silicon wafers or* 
which the only [contaminant] consists of thermally produced 
oxides. The method has six steps. First, the wafer undergoes 
prelim-nary cleaning. It is immersed in a mixture of sulfuric 
acid and an oxidant [e.g. HjSO^-Kj^ 5 . which removes photoresist 
agents present en the wafer. Frequently, even if the photoresist 
agents have been previously removed (e.g. by physical means), the 
wafer is immersed in the described mixture of sulfuric acid and 
oxidant to prepare the wafer surface for the next step of the 
process. After the said mixture has been [largely] removed from 
the wafers , they are rinsed in deionized filtered water at a 
temperature of 13-23 °C. Deionized filtered water is also used 
for all other rinsing steps in the RCA method. 

In the second step of the RCA method, the residual organic 
contaminants, and certain metals, are removed (partially or 
completely) . A fresh mixture cf water, ammonium hydroxide, and 
hydrogen peroxide (H 2 0 / NK^OH / H 2 0 2 , ratio 5:1:1 by volume 
[sic]) is prepared and is heated to c. 75-80 °C . The wafers are 
then immersed in this solution for c . 10-15 min, with the 
temperature maintained at c. 80 °C. The wafers are then rinsed 
c. 1 min in the deionized . water . 
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If the wafer bears a film of silicon dioxide which has been 
thermally produced, which film does net completely cover the 
wafer, the third step of the RCA method consists of peeling or 
stripping away the aqueous [i.e. hydrated] oxide film formed in 
the second step. The wafers are immersed in a mixture of 
hydrofluoric acid and water (KF-H 2 0, ratio 1:10 by volume [sic;}. 
After the immersion in the hydrofluoric .acid [solution] , the 
wafers are rinsed, but only for 20-3 0 sec. This brief rinsing 
minimises the fresh production of oxide. 
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The fourth step of the RCA method is desorption of the 
residual atomic {sic] and ionic contaminants. A fresh mixture of 
water, hydrochloric .acid, and hydrogen peroxide 
(K 2 0 / HC1 / H 2 °2"' -atio 6:1:1 by volume) is prepared and is 
heated to c. 75-50 C C. The wafers are immersed in the solution 
for 1C-15 min, followed by rinsing in de ionised water. 

Steps 5 and 6 consist of drying and storing the wafers. It 
should be noted that during and between all of the steps prior to 
-drying the wafers are kept moist. 

The RCA method is widely employed, but has certain 
drawbacks. One such drawback is that the vapors of ammonia and 
hydrochloric acid form a fume comprised of ammonium chloride 
(NK 4 Ci) when they are mixed. Thus the solutions from step 2 and 
step 4 must be kept apart (i.e. under separate ' fume hoods), in 
order to avoid contamination of the wafers by colloidal NH 4 C1 
particles. A second drawback of the RCA method is that the 
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cleaning solution in step 2 must be carefully monitored to avoid 
depletion of the hVCU, because in the absence of K o 0 0 the NH A OK 
will chemically attack the silicon. As an example of the hazard/ 
the H 2 0 2 .will be critically depleted if the temperature of the 
solution is allowed to rise above 80 °C, which is the point at 
which ^2°2 begins zo decor^oose rapidly. As another example, if 
one allows impurities to accumulate in .the solution , they too can 
accelerate the decomposition, of the &2®2 " A third drawback of 
the F.CA rr.sthod is that the substrate is rinsed, with deionised 
water at the end of practically every process step, resulting 
overall in consumption, cf a large amount of 
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water. A fourth drawback of the RCA method is that additional 
metallic contaminants tend' to be deposited on the surface of the 
wafers during the process itself, due to the action of the 
ammonium hydroxide. 

The RCA method can be improved by using centrifugal spray 
cleaning in place of immersion in the various solutions. This 
spray treatment involves a sequence of fine sprays cf the rinsing 
solutionis] and highly purified water, respectively, to wet the 
wafers, which wafers are enclosed in a nitrogen-purged chamber. 
The use cf centrifugal spray cleaning in place of cleaning by 
immersion in solutions has several advantages; e.g., the amounts 
cf chemical components and deionized water consumed are less {by 
at least 2/3), and the surfaces of the wafers are continuously 
exposed to fresh reactant solution. A further advantage of 



centrifugal spray cleaning is that, since one avoids the need to 
transfer the wafers from one solution tc another , the system is 
mere easily automated, and the process environment: car. be better 
controlled. 

Ultrasonic cleaning may be used to remove insoluble 
particulate contamination. In ultrasonic cleaning, the wafers 
are immersed in a suitable liquid medium, to which an acoustic 
driving force i.s applied at an ultrasonic frequency .in the range 
20-50 Khz. Under the influence of the ultrasonic agitation, 
which gives rise to cavitation, microscopic bubbles are rapidly 
forced and absorbed in the liquid medium, thereby producing shock 
waves which impact the surfaces of the wafer. These shock waves 
displace and disaggregate the particulate nacter. An' advancement 
over ultrasonic cleaning is provided by the "megasonic bath", 
which 
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operates under the sarr.e principle as ultrasonic cleaning but 
using acoustic- type waves of higher frequency, viz. c. £50 kH2 . 
A megasonic bath may be operated with the same solutions as are 
used in the process of chemical removal of films (RCA method or 
similar methods) . The use cf RCA solutions in a megasonic bath 
allows one to simultaneously 

chemically remove and desorb contaminants and 

remove particulate. 

In common with all of the [known] cleaning treatments, 
ultrasonic cleaning and megasonic bath cleaning are attended by' 



certain drawbacks A first drawback is the need to. ensure that 
the shock waves do net serve to undesirably transport the 
[contaminating] particles and redeposit their, on the surface of 
the wafer after they are detached and are carried away in the 
liquid medium. The remedy currently employed is to remove the 
particles by means of an overflow or a filter. A second drawback 
associated with ultrasonic cleaning and negasonic baths is that a 
.film which is integral to the substrate itself can be broken 
necnanically as a result cf -he ultrasonic force applied durinc 
the cleaning cycle. This will often r-sul; in complete less of 
the desirable film in certain regions , cr even over the entire 
extent of said film. A third drawback cf ultrasonic cleaning and 
mega sonic baths is that as much or more metal can be deposited on 
the surface of the substrate as /than is removed, if the liquid 
medium contains ammonium hydroxide. • 

Another method of removing insoluble particulate 
contamination comprises a " combination of high-pressure spraying 
and brush cleaning (brushing process). There are two types of 
brushing for silicon wafers; single-sided and dcuble-sided 
(brushing both sides cf the wafer simultaneously) . The essential 
operations 
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are practically identical. During the cleaning, a brush is 
rotated along the surface of the wafer. The brush does not 
actually touch the wafer but aquaplanes ever the surface. The 
brush (or brushes) impel (s) solvents present in the cleaning 
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apparatus; the movement of the solvents causes' the particles to 
be displaced. Brushing is nearly always accompanied by the use 
of pressurized sprays < or jets) . In a high-pressure spray 
(pressure c. 13.3-20.7 K?a) , the deicnized water is broken up . 
into small droplets (atomized) which are directed across the 
surface of the wafer, where they remove particles displaced by 
the brush (es) and any residual particles which originate from (or 
by the action of) the brush (es) . 

The unsolved problem associated with all of the 
above-mentioned methods c£ cleaning wafers is that no known method 
successfully removes netals from the wafer surface. The RCA 
method, because it uses ammonium hydroxide, tends to ada a 
greater amount of metals to the wafer surface than it removes. 
If che solvent used in the cleaning apparatus contains ammonium 
hydroxide, the same phenomenon occurs when cleaning is performed 
by the ultrasonic or • megascnic bath method, or by a brusnmg ■ 
process. Another problem common to the ultrasonic, mega sonic, 
and brushing methods is that they do not remove metals unless the 
metals are present in the form of particles; further, even metal 
particles which are removed tend to.be redeposited [to some 
extent] back onto the wafer surface. 

Therefore there is a need for a method of removing metallic 
contaminants from surfaces of a wafer, either to replace existing 
methods for cleaning wafers or to be used in association with 
such other methods, for the various types of contaminants . 
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The method according tc the present invention is a method of 
removing [contaminating] metals from a surface of a substrate, 
which method may replace other systems for cleaning a substrate 
or may be used m association with such other systems. 

According to the inventive method, a contaminated substrate 
is placed in a cleaning apparatus for semiconductor wafers 
wherein the substrate is then cleaned in a liquid medium. A 
solution of an acid is added to the liquid medium in the cleaning 
apparatus, to facilitate removal of metallic contaminants from 
the surface of the substrate. 

Additional "characteristics and advantages of the invention 
will be apparent from the following detailed description/ 
supplied solely for purposes of example and with reference to the 
accompanying drawings . 

Fig. la is a plan view cf the general configuration of an 
embodiment of a double -surface cleaning system (DSCS) ; 

Fig- lb [lit., 11 1" ] is a [longitudinal] crcss-secticn of the 
DSCS of Fig . la; 

Fig, 1c is a schematic illustrating the operation of the 
DSCS cf Fig. lb; and 

Fig. 2 is a process flow chart for the general steps carried 
out at each of the operating stations in the DSCS according to 
.Figs, la, lb, and ic. 

In the following description, numerous details will be 
specified, such as the treatment stages, treatment parameters, 
materials, specific solutions, etc., for the purpose of 



furthering the complete understanding of the invention. However 
it will be well appreciated by persons skilled ir. the art that 
such details are not 
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necessary tc enable implementation of the invention- In some 
cases, descriptions of well known treatment steps and materials 
have been omitted for the sake of clarity in setting forth the 
invention. 

Numerous prccesses wherein a substrate is cleaned are 
candidates for application of the invention. A reference herein 
co the cleaning of a "wafer" or a "substrate" by the methods and 
apparatus according to the invention rr.ay refer to cleaning of: 

any substrate of similar shape, i.e. generally flat; 
— a substrate which is an uncoatec (so-called "pure") 

semiconductor which may or may not contain a dopant; 
" a semiconductor substrate having epitaxial layers; 

a semiconductor substrate having one or "more layers, e.g. 

comprising semiconductor devices, at some step of the 

treatment; 

other types of substrates having one or more 
semiconductor layers, such as; 

substrates having semiconductor devices over' an 

insulator; or 

substrates intended to support or interact with other 
apparatuses and devices, e.g., circuit boards, 
multi component modules, etc. 
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In the interest cf clartty and avoidance of irrelevant uetail, 
the description hereinbeldw will be of a generalized but 
preferred embodiment cf a system and process for cleaning of a 
wafer (which wafer is of a generalized type) . 

The inventive method may replace other methods of cleaning a 
substrate or may be used in association with such other methods. 
Basic solutions (of pH c, 7-14) are used in the method for 
cleaning semiconductors, to aid in removing particulate matter 
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and films from the surface cf the wafer. In general, prior am 
cleaning methods use only basic solutions, which are capable 
[only] of removing particulate and films which particulate and 
films do not contain metals. According to the invention, an acid 
solution and a basic solution are used, which come into 
equilibrium, yielding a solution which simultaneously removes 
metal-containing and ncn- metal -containing particulate and films. 
In general, the acid solutions used according to the invention 
are comprised of (or utilise) citric acid- solutions/ alone or in 
conjunction with other reactive materials (chelators or ?K. 
mcdifiers), to ensure removal of contaminants, including metal- 
containing contaminants, from a wafer. Further, the inventive' 
method assists in preventing redepositicn of metal-containing 
particles which have been previously removed or which are 
generated in the cleaning system itself. 

The invention comprises the use of citric acid solutions, 
and other acidic solutions having similar properties, in cleaning 
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operations on semiconductor wafers. The underlying general 
concept behind using citric acid ir. the invention is that citri 
acid has chelation and zeta-potentiai properties which make it 
useful in reducing the amount of ; contaminating} metals at the 
surface of a semiconductor substrate' and in avoiding redepositi, 
of [such] metals onto the substrate surface once' they have been 
reeved. The chelating characteristics, of citric acid enable 
forme-ion of compounds involving citric acid and metals (so- 
called -complexes" ) , thereby reducing the amount of [said] meta: 
at the surface cf the suhszrate. The seua-potenrial 
characteristics of citric acid give rise to a positive-positive 
zeta potential between the surface of the substrate 'and any 
metal- containing particle, such that the substrate surface and 
the particle mutually repel. This prevents the particle from 
. being redeposited onto the 
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substrate surface. it will be evident to one skilled in the art 
that other acidic solutions having properties similar to those o 
citric acid may be used instead of or in conjunction with citric 
acid; e.g., Isoiutions of} oxalic acid and/or diamnoniun citrate 

During the treatment of a semiconductor, and during the 
cleaning of a semi conduct or wafer/ the substrate picks up 
contaminants. There are generally two types of contaminants: 
particles and f il ms . The invention is particularly useful in 
suppressing contaminants in the form of metal-containing (or 
metallic) particules and fil~s. it will be clear to one skilled 



in the art that the inventive method can also generally remove 
other contaminants, e.g. silicon Jsic (a metal itself but £s 
such not necessarily per se a contaminant) ) . plastics, and 
silicate particles. 

There are a number of [known] methods for removing 
contaminants from substrate surfaces, e.g.: 

— the ACA process; 

-- ultrasonic cleaning; 

— me gas on ic bath cleaning; and 

brush cleaning, in combination with high-pressure sprayir.c 
(brushing process) . 

Various embodiments of systems may be employed to implement each 
of these enumerated methods; e.g., brush cleaning may be- realized 
with one-sided brushing cr double-sided brushing (whereby with 
double- sided brushing both faces of the generally planar 
substrate are brushed generally simultaneously, and with single- 
sided brushing only one face is brushed in a given operation) . 
All of the methods have in common the drawback of accumulation of 
metallic contaminants on the substrate. 

When a substrate is immersed in a cleaning or rinsing 
solution, the substrate may pick up' aluminum (Al) and zinc (2n) 
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which originate in plastic materials employed in the cleaning 
system. Also, if the cleaning system employs a solution 
containing ammonium hydroxide <NE,OH) , the NH^OH solution may 
give rise to deposition of additional metallic contaminants such 
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as aluminum (Al) , zine (Zn), calcium (Ca) , and magnesium (Xg) . 
Some cleaning methods may result in more metallic contamination 
than others. E.g., cleaning methods using cleaning apparatus 
having a wiping or brushing action (or ultrasound scrubbing) tend 
to cause greater contamination of the substrate by alkali metals 
[sic] than do methods not employing such apparatus. Alkali metal 
contaminants cone from numerous sources, e.g. plastic materials 
used in the cleaning system cr in the brushes or. wipers 
themselves. To summarize: The invention is useful for removing 
metallic contaminants deposited during treatment or semiconductor 
wafers and for removing [and preventing] metallic contamination 
from cleaning processes themselves . 

The invention will be described with reference to certain 
exemplary embodiments (net limiting the scope of the invention) 
of a double-surface cleaning method. Fig. la is a plan view of a 
schematic of the general configuration of a double-surface 
cleaning system {DSCS/RDF) wherein the cleaning apparatus has a 
plurality of operating stations, each of which stations 
represents one or more steps of the process of cleaning the 
substrate. The contaminated substrates are introduced at one end 
of the system and the decontaminated (or less-contaminated) 
substrates exit at the other end. An example of such a system is 
the 
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TSS-200" BSCS offered by On Track Systems, Inc., of Milpitas. 
California . 
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Fig. Ib is a lateral view f, in crcS s section,; of a OSCS, 
and ?ig. ic is a schematic illustrating the operation of said 
DSCS. Fig. 2 is a process flow chart for the general steps 
carried out at each of the operating stations in the DSCS 
according to the invention. Customarily, contaminated substrates 
100 are senz through the cleaning system after undergoing 
chemical-mechanical polishing (OSP/PMC).. or from a wet-storage 
apparatus. At the beginning of the cleaning process the 
ccncairdnated substrates 100 are loaded into the interior of a 
box-shaped holding device ("cassette") 180 designed for wafers, 
and th«_ holding device ISO is then disposed in the station 110 
for adjustment oi the initial wettability and wetness (of the 
surface] . 

In said station 110, the condition of the surface of the 
substrate 100 is changed from hydrophobic to hydrophilic. The 
use of the present invention in this step means that the surface 
condition of the substrace can be modified without the metallic 
contamination of the surface which usually occurs in this step. 
To accomplish this, the substrates 100 are immersed in a solution 
of citric acid and hydrogen peroxide having pH adjusted to 
c. 6.5-14. It will be apparent to one skilled in the art that 
the citric acid may be replaced by other acids having similar 
characteristics to these of citric acid, e.g. diammcniun citrate. 
The pH of the solution of citric acid and hydrogen peroxide is 
adjusted by adding a basic compound. According to a presently 
preferred embodiment, this compound is a.-*monium hydroxide. 
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However, one skilled in the art will readily concede of the use 
of ozher basic compounds, such as choline, " 
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t-butyl alcohol ( « tetramethyl hydroxide"}, or combinations of any 
of these. According to a preferred embodiment, the surface 
condition of a silicon substrate is [successfully] modified fro* 
hydrophobic to hydrophilic after c. 1S.-30 sec in a solution 
comprised of: 

— water, hydrogen peroxide, and ammonium hydroxide: 

H 2° H 2°2 / NH 4 OH / 
in the ratio by volume 20:1:0.09; and 

— citric acid in a concentration of c. 0.57 wt.%. 
[Translator's note: The practicality of measuring pure.K,0 2 and 

pure .KK 4 CH by volume is not addressed.] 
According to another preferred embodiment, the surface condition 
of a silicon substrate is [ successfully] modified from 
hydrophobic to hydrophilic after c. 15-30 sec. in a solution 
comprised of: 

— water, hydrogen peroxide, and ammonium hydroxide: 

K 2 0 / H 2 0 2 / NK 4 0H 
ir. the ratio by volume 10:1:0.08: and 

-- citric acid in a concentration of c. 1.0 wt.%. 
-Ntote that according to the preferred embodiments described above 
the hydrogen percxide and ammonium hydroxide represent 28% to 3C% 
of the reagents of the concentrate [sic - i.e. 2S-30 wt.% cf the 
reactive components of the reagent solution] . After the 
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condition of the surface of the substrates 100 has been modified 
to be hydrophilie, the substrates 100 are automatically removed 
from the holding device 130 and are introduced one at a time into 
ths "exterior" [(initial)] brushing staticr. 12C. 

In "exterior" brushing station 120, the substrate 101 is 
treated in a first cleaning operation. Water jets (121, 122} 
serve to keep che substrate wet during .[said] first cleaning. 
The substrate 101 is irrigated by (enveloped in) a solution cf 
NH 4 OH via a system 123 for supplying chemical agents, which may 
have a variety or means c£ applying said solution to the 
substrate 101. According to the -well known] prior art, the 
chemical agent is sprayed vigorously at the surface of the 
substrate. According :o a .T.ore recent method; the chemical 
agent (s) is/are supplied directly to the brushes 124 [(see 
corrected Fig..lc)], which brushes apply the agent (s) to the 
surface 
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of the substrate. (See the patent application entitled "Drip 
chemical delivery and apparatus , * - by Wilbur c. Xr-usell ec al., 
filed or. the same date as the present Application and assigned to 
the assignee of the present Application. 

The concentration of the solution of ammonium hydroxide 
varies with the type of substrate' being cleaned. Examples of 
particular substrates and corresponding concentrations are: 
— hydrophilie silicon ("pure" or epitaxial): 

66 wt.% NKjOH solution; 
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poMsr.ed ILD oxide films : 2.0 wt.% Nh' OK. 

4 

Topically, NH.OH solutions are formulated on a weight basis and 
are monitored and controlled by [measuring their] pH. In 
general, for the examples given above; 

a' 66 wt.% ym^OH solution has pH c. 11.2; and 
— a 2 vt.% NH 4 OH solution has pH c. 11.8. 

It is known in zhe art that in a stable thermal environment 
these pH levels can be [readily] controlled to a range of ±0.1 
ph unit . The ammonium hydroxide solution may also contain other 
substances, e.g. surfactants (neutral or alkaline, [so-called] 
nonionic or icnic) . ?or applications at very high pK (c. 12-13)- 
the ammonium hydroxide solution may have added to it t -butyl 
alcohol, sodium hydroxide (NaOH) , and[/or] potassium hydroxide 
(KOH) . 

As described hereinabove, the ammonium hydroxide solution 
and the brushing itself will remove general contaminants , but 
they tend to actually add metallic contaminants to the substrate 
surface. Thus, further cleaning, may be resorted to remove the 
added metallic contaminants. 
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The cleaned substrate 102 is then removed automatically from 
the "exterior* brushing station 120 and placed in the "interior" 
C (secondary) J brushing station 130. During the transfer from one 
brushing station to the next, the substrate 102 is kept wetted 
via water jets 122. In the "interior" brushing station 130 the 
substrate 102 is treated by means of a second cleaning. The 
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substrate 102 is oated with a solution c£ citric acid via a 
system 121 fcr supplying chemical agents. As in the prior 
cleaning step, the system 121 for supplying chemical agents nay 
apply the citric acid solution directly by fine spraying at the 
surface of the substrate {prior art method) . or may apply seid 
solution to the brushes 12 4 which in turn will apply the solution 
to the surface of the substrate (new method referenced supra) . 

Not only do the concentration and pH or the acid solution 
vary with the type of substrate cleaned (as is the case with the 
ammonium hydroxide solution .as veil), but also the type cf acid 
employed varies with the type of substrate being cleaned. A f 
number of examples (preferred embodiments) of these relationships 
are described infra. It is emphasised that tloese are offered 
solely as examples and do not limit the scope of the invention. 
Various modifications of the invention which. give an equivalent 
result will be apparent to one skilled in the art. 

According to one preferred embodiment, an alkaline solution 
comprised of ammonium citrate may be used to clean specific types 
cf substrate; in particular (not an exhaustive list), substrates 
comprising; 

— "pure" (uncoated) silicon; 

epitaxial silicon; 

CVD oxides ((chemical vapor deposition) 3 grcwn thermally 

(doped or non-dcped) ; and 

PVD oxides [ (physical vapor deposition) ] 
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grown thermally (doped or nor.- doped) . 
The thermally grov/n oxides may be cleaned after deposition, 
and /or after mechanical polishing using a chemical agent (in the 
polishing process] [ iCX?) ] . ... 

A second preferred embodiment of the inventive method 
Employs a solution of citric acid of c. 0. 05-10. C wt.% for 
cleaning the substrate surfaces, 

Another preferred embodiment is employed for reducing the 
level of metallic contamination afcer metallic polishing using a 
chemical agent (CMP) / such as the contamination left behind by 
polishing pastes cr the like containing aluminum oxide or cerium 
oxide, or mixtures of such pastes with pastes comprising 
vaporized silica cr standard colloidal compositions. According 
to chis embodiment, solutions of citric acid or oxalic acid are 
used, along with mixed solutions of the two reagents [(the citric 
acid or ammonium citrate, and the H-CU)], [said mixed solutions; 
having pHs of c. 1.6-2.8. 2.C., for cleaning substrates 
comprising "pure" (uncoated) silicon ha\*ing lev contamination 
levels, citric acid solutions of concentration c 0.1-0.3 vt . % 
are used; and, e.g., for cleaning substrates after CMP, 
particularly where an AljO^ paste is .used in the CM? process, . 
c . 0.5-2.0 wt.4 citric acid solutions are used. According to 
another preferred embodiment, the same acid solutions are mixed 
with dilute surfactants (particularly, acidic detergents) , to 
provide a cleaning solution capable of removing particulate, 
metals, and organic films from the [substrate] surface. 



After the second cleaning [step], the substrate 103 [sic -- 
i.e. 102] is automatically removed from the "internal" brushing 
station 13 0 and introduced into the rinsing/spinning/crying 
s ration 14 0. During the transfer 
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ircm the * intfimal" brushing station 13 0 to the 
rinsing/spinning/drying station 140, the substrate 103 is kept 
wetted via water jets 122. At the rinsing/spinning/drying 
station .140 , the substrate is rinsed, [dewatered by] spinning, 
and dried. At this point, the, wafer has been cleaned and rinsed; 
however, it may subsequently be subjected to further cleaning in 
additional cleaning systems, e.g. a megasonic bath, a single- 
surface cleaning apparatus which cleans' with the aid of a wiping 
or brushing action, etc. If additional cleaning is desired 
[following exit from said stage 140], the reduction and 
suppression of metal [contamination] is facilitated if the 
substrates are transported and/or stored in solutions containing 
citric acid. 

Following the rinsing, spinning, and drying steps, the 
substrate 105 is transported from the rinsing/ spinning/ drying 
station 140 to the exit station 150 where the substrate 105 is 
inserted into a special holding device { "cassette") 181. 
Customarily, this transfer is effected by a robotic ara which 
engages the substrate at the edge region of said substrate, 
raises it out of the rinsing/ spinning/ drying station 140, and 
inserts it in the holding device 181. The holding device 181 is 
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then sent to storage or to another cleaning or treatment system. 

It will be obvious to one skilled in the art .thai one nay 
chance the sequence of certain of the steps in the 
above-described double-surface cleaning system (DSCS) .. and one 
may employ solutions other than those mentioned. E.g., the 
solutions of ammonium hydroxide and citric acid used in the 
brushing stations 120 and 130, respectively, may be reversed. As 
another example, different media ether than ammonium hydroxide 
solution, e.g. water [without NH^OH) , maybe used. Other- 
examples of solutions ar.c 
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treatment steps are indicated in Examples 1-4 described infra. 

Whereas the above description involves application of the 
invention to a DSCS, the invention is applicable to other 
cleaning systems and processes, z.g., i n a single- surface 
cleaning system (SSCS) . a ilit. ; -the"] stage of cleaning in the 
presence of citric acid may be added between the stage of 
cleaning in the presence of ammonium hydroxide (or water) and the 
final rinsing cycle [ { rinsing/spinning/drying) J . As another 
example, in an ultrasonic or megasonic bath cleaning system, 
citric acid may be used instead of or in addition to 

an ammonium hydroxide solution or 

cleaning with the aid of water. 
As a third example, in the RCA process one may replace the 
ammonium hydroxide solution by a citric acid solution, or one may 
e-nploy a separate step using citric acid solution, in the 



[essential] RCA process. Pvrther. one may employ a citric acid 
solution- or a solution of a similar acid for storage and/or 
transport of substrates during their fabrication. E.g... wafers 
say be stored in a citric acid solution or a solution or a 
similar acid: 

-- after said wafers undergo a treatment, e.g. a mechanical 
treatment effected with the aid of a chemical agent; and/or 

— for transportation of said wafers to a cleaning process such 
as the above-described cleaning process (which may employ a 
different citric acid solution) ; ' and/or 

-- for transportation end/cr storage after said process and 
possibly prior to yet another treatment. 

The use of a citric acid solution or a solution of a similar acid 
for such transportation and/or storage helps to prevent 
contamination during the transportation and/ or storage, which is 
particularly important for maintaining the condition . [of the 
surface] following a cleaning process.. 

?age 13 — 

It s emphasized that the various solutions, methods, and 
cleaning systems employed may vary over a wide range of 
combinations to produce the desired substrate condition, ' 
depending on [factors and considerations such aa] the given 
condition of the substrate (e.g. the degree and type of 
contamination, on the substrate surface)' and the particular result 
desired (e.g. removal of particulate, removal cf metal [other 
than present ir./on the particulate] , or removal of both) . To 
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rurt-sr illustrate possible types of systems and processes to 
which the invention may be applied, the following Examples 1-4 
are offered. These are by no means exhaustive and are presented 
solely for illustrative purposes ,• whereby they do not limit the 
scope of the invention. One or more steps in one of the Examples 
may be used in place of or in addition to steps in another 
Example. Other modifications cf the Examples are readily 
conceivable,- including but not limited to the use of different 
concentrations or combinations of chemical components, etc. 
■ Example 1 : 

In a standard (i.e. typical! double-surface cleaning system 
(DSCS), means of measuring and adjusting the initial wettability 
and wetness were employed to modify the condition of the 
substrate surface from hydrophobic to hydrophilic . The 
substrates were then transferred to the "external" brushing 
station where they were cleaned, in an ammonium hydroxide solution 
lMK 4 OH) to remove general particulate contamination. They were 
then transferred to the -interior- "brushing. station where they, 
were cleaned in a citric acid solution to remove "metallic" 
contamination. Following this they were optionally rinsed, 
(dewatered by; spinning, dried, and sent to storage. 
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Example 7 

In .a standard : i.e. typical] double-surface cleaning system 
(BSCS) , means of measuring and adjusting the initial wettability 
and wetness were employed to modify the condition of the 



subs crate surf see from hydrophobic to hydr ochilic . In order tc 
reduce the amount of metallic contamination typically att endinc 
this [hydrophilisacicn; process, a citric acid sciuticn was added 
at the start of the process. The substrates were then 
transferred to the " external ' brushing station where they were 
cleaned in an ammonium hydroxide solution (NH^CH) to remove 
general particulate contamination , They were then transferred to 
the "interior" brushing station where they were cleaned a second 
time in a citric acid solution, to remove additional "metallic u 
contamination . Following this they were optionally rinsed, 
idswatered by] spinning, dried, and sent to storage. 
Example 3 : 

In this Example, the substrates were comprised of epitaxial 
silicon. In a DSCS system, the [usual] means of measuring and 
adjusting the initial wettability and wetness were replaced by a 
megasonic bath. Citric acid solutions of c . 0.1-0.3 wt.% were 
used. In the rr.egascnic bath, the condition of the surface of the 
substrate was modified from hydrophobic to hydrophilic, and 
(substantial] contamination was removed. The solutions which can 
be used in such a megasonic bath depend on the type of 
contamination sought to • he -removed. Examples are: 

NH 4 OK / K 2 0 2 / H 2 0- (solution "SC-i u in the RCA process), to 
remove film contamination; 

" NK^OH / "2^2 ''' "2^ ^ 3 ^ c j to .remove general particulate 
contamination; 

NH 4 0H / H 2 0 2 /' K 2 0 with citric acid, to remove film 
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contamination and metallic contamination; cr 

~ citric acid alone [(without NH^OK or H 2 0 2 )I, to remove 
metallic contamination. 

The substrates were then transferred from the megasonic bath to 
the "exterior" brushing station where they could be cleaned 
using: 
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• NK^OH, to remove general particulate contamination; 

• NK^OH with citric acid (with pH [of the mixture] 

c. 8-11). to remove general particulate contamination azid 
• metallic contamination; 

• citric acid alone .'(without NK ft OK or HjCU)], to remove 
metallic contamination; or 

• water alone [(without citric acid or NH^OH or H^O-,)]. 
The substrates were then transferred to the "interior" brushing 
station where they were cleaned in a citric acid solution to 
remove metallic contamination- Following this they were 
optionally rinsed, [dewatered byj spinning, cried, and sent to 
storage. 

Exanrole_4 : 

In this Exa-Tipie, the substrates came from metallic polishing 
using a chemical agent (CM?) . In a DSCS system, the [usual] 
means of measuring and adjusting the initial wettability and 
wetness were replaced by a megascnic bath. Citric acid solutions 
of c. 0.5-2.0 wt.% were used. In the megasonic bath, the 
condition of the surface of the substrate was modified from 



hydrophobic to hydrcphilic, and [substantial] contamination was 
removed. The solutions which can be used in such a megascnic 
bath depend en the type of contamination sought to be removed. 
Examples are : 

-- NH 4 OK / H 2 0 2 / H 2 0 [solution "3C-1" in the 2CA process?, r D 

remove film contamination; 
-- dilute MH^CH to remove general particulate contamination; 
-- MH 4 DH with citric acid, to remove film cor.taniir.at ion and 

metallic contamination; cr 

citric acid alone [{without NH.CK or K 2 o 2 )], tc remove 

metallic contamination. 
The substrates were then transferred from the mecasonic bath to 
the -exterior" brushing station where they could be cleaned' 
using: 

-- HH 4 OH to remove general particulate contamination; or 
citric acid to remove metallic contamination. 
The substrates were then transferred to the "interior" brushing 
station where they could be cleaned in: 

-- a citric acid solution to remove 
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ir.etallic contamination, or 
-- -water alone [{without citric acid}]. 
Following this they were optionally rinsed, [dewatered by] 
spinning, dried, and sent to storage. 

A method of removing metals in a cleaning apparatus has been 
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described. The particular variant embodiment employed, which :r. ay 
involve modifications of the equipment,' the treatment steps' 
(particularly the sequence of auch scsp£) # thfi treatment 
parameters, the materials, the particular solutions employed, 
etc., may vary substantially beyond the variations herein 
described, in ways which will be apparent to one skilled in the 
art. Thus, the descriptions hereinabove are to be understood as 
only illustrations of "the invention, which do r.ot Unit the scope 
of the invention. 
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Claims : 

1. A method of treating a substrate, comprised cf : 

providing [sic] the substrate;" 

immersing the substrate in a solution comprised of a 
mixture of an acid and hydrogen peroxide; ana 

-- adjusting said solution to a pK of c. 5.5-14. ' 

2. A method according to claim 1 ; characterised in that sai 
acid is chosen from the group comprising citric acid and 

di ammonium citrate. 

3. A method according to claim 1; characterized in that the 
pK level is adjusted by adding a basic compound. 

4. A method according to claim 3; characterised in that sai 
basic compound is chosen from the group comprising ammonium 
hydroxide, choline, and tetrame thy 1 ammonium hydroxide. 

5. A method, of treating a substrate, characterized by: 
--providing [sic] the • substrate; 

-- immersing the substrate in a solution "comprised of a 
mixture of an acid and hydrogen peroxide wherein the acid is 
chosen from the group comprising citric acid and diammcnium 
citrate; and 

-- adjusting said solution to a pH of c. 6.5-14; 
wherewith the pH adjustment is accomplished by adding a basic 
compound chosen from the croup comprising ammonium hydroxide, 
choline, and t e t r ame thy 1 ammoni urn hydroxide. 

6. A method cf simultaneously reducing (the amount of; metals 



ca the surface of a substrate and reducing the (amount of] 
general particulate master in an apparatus for cleaning la 
substrate]; characterized by: 
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-- providing [sic] the substrate; 

placing the substrate in an apparatus for cleaning a 
substrate; 

cleaning the substrate; and 

adding an acidic solution to the apparatus during the 
cleaning of the substrate. 

7. A method according to claim 6; characterized in that said 
solution is comprised of ammonium citrate. 

S. A method of simultaneously reducing the [amount of] metals 
en the surface and reducing the [amount of] general particulate 
matter in an apparatus for cleaning wafers; characterized by: 
providing [sic] the substrate; 

placing the substrate in an apparatus for cleaning a 
substrate; 

cleaning the substrate; and 

adding an acidic solution to the apparatus during the 
cleaning of the substrate, which solution is comprised of 
ammonium citrate. 

9. A method of removing metallic contaminants from the surface 
of a substrate in an apparatus for cleaning a substrate; 
characterized by: 

providing [sic] the substrate; 



— keeping the substrate ir.oist after polishing/ after 
epitaxial deposition of silicon, and before cleaning; 

-- placing the substrate in an apparatus for cleaning [a 
substrate] ; 

cleaning said substrate in a cleaning solution; and 
adding a solution ccisprised cf citric acid to said cleaning 
solution, and subjecting said substrate to cleaning. 
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1 C . A method according 10 claim 5; characterised in chat the 
concentration of (citric acid in] said citric acid solution is 
c. 0,05-10-1 vc.%. 

11. A method according zo claim 9; characterized in chat the 
pH cf said cleaning solution is in the range of c. 0-2. S after 
the addition of said citric acid solution. 

12. A method of removing metallic conc&minants from 
hycrophilic surfaces of a substrate in an appara-us for .cleaning 
a substrate; characterized by: 

providing [sic] the substrate; 

keeping the substrace moist after polishing, after 
epitaxial deposition of silicon, and before cleaning; 

— placing the substrate in a cleaning apparatus; 
cleaning said substrate in a' cleaning solution; ar.d 

— adding a solution comprised of citric acid to said cleaning 
solution/ and subjecting said substrate to cleaning, wherewith 
the concentration of : citric acid in] said citric .acid soluticn 
is c. 0.05-10.1 wt.%, and wherewith the pK of said cleaning 
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solution is in the range 0£ c. 0-2. S after the addition of said 
citric acid solution. 

13. A method cf removing .particulate matter, metals, and 
organic filas from the surface [of a substrate, particularly a 
semiconductor wafer, ] after mechanical polishing, [said polishing 
occurring] with the aid of = chemical ' agent ; characterized bv : 

-- providing. [sic] a [(the)] substrate; 
-- polishing the substrate,- 

Pace 2c 

-- keeping the substrate moist after polishing and before 
cleaning,' 

-- placing the substrate in a cleaning apparatus; -and 
-- cleaning the wafers (i.e. the substrate] in a cleaning 
solution comprised of dilute surfactants and a reactive agent. 

14. A method according cc claim 13; characterized in that 
tne said dilute surfactants comprise acidic detergents. 

15. a methca according to claim 13; characterized .in that 
the reactive agent is chosen from the group comprising-, citric 
acid, oxalic acid, and a mixture of citric acid and oxalic acid. 

16. A method according to claim 13; characterized in that 
the pH of said cleaning solution comprised of {dilute surfactants 
and] said reactive agent is in the range 1.6-2.8. 

17. A method of removing particulate matter, metals, and 
organic films [from the surface of a substrate, particularly a 
semiconductor wafer,] after mechanical polishing, [said polishing 
occurring] with the aid of a chemical agent; characterized by : 



providing [sic] a ((the)] substrate; 
polishing the substrate; 

keeping the substrate moist after polishing and before 
cleaning ; 

placing the substrate in a cleaning apparatus; and 
cleaning the wafers [i.e. the substrate] in a cleaning 
solution comprised of dilute surfactants and a reactive agent, 
wherewith" said dilute • surf actants comprise acidic detergents, 
wherewith said reactive acen- is chosen from the group comprising 
citric acid, 

rage 27 -- 

oxalic aczd, and a mixture of citric acid and oxalic acid, and 
wherewith the pH of said cleaning solution comprised of [dilute 
surfactants and] said reactive agent is in the range 1.5-2.8. 
13. A method for reducing the deposition and redepcsiticn of 
metal-containing particulate matter in a process for cleaning 
. [semi conductor ! wafers, characterized by: 

providing [sic] a [(the)j substrate; 

placing the substrate in a solution; and 
" establishing a zeta-pctential repulsion between a particle 
containing [i.e. comprised or] a metal and a surface of said 
substrate. 

19. A method according to claim 18; characterized in that 
said zeta-poten-ial is established by means of a cleaning 
solution. 

20. A method according to claim 18 'sic i.e. 19]; 
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characterised in that the ph of said cleaning solution is in the 
range c- 0-2.8. 

21- A me the d according to claim" 19; characterized in that 
the cleaning solution is chosen from the group comprising : 
citric acid, oxalic acid, and a mixture of citric acid and 
oxalic acid. 

22. A method for reducing the deposition and redeposition of 
metal-containing particulate matter in a process for cleaning 

l semiconductor] wafers , characterized by: 

— providing [sic] a [(the)] substrate ; 

— placing the substrate in' a solution; and 
establishing a zeta-pctential repulsion between a particle 

containing [i.e. comprised " of ] a metal and a surface of said 
substrate, wherewith said zeta potential repulsion is a 
positive-positive repulsion, which is established with the aid of 
a cleaning solution having a pK in the range c. 0-2. S and chosen 
from the group comprising: citric acid, oxalic acid,, and a 
mixture of citric acid and oxalic acid. 

23. A method cf treating a substrate, comprised of: 

— treating the [lit., "a-j substrate in a first treatment 
operation; 

— maintaining said substrate in a- solution comprised of an 
acid; and 

— treating the substrate in a second treatment operation, 

24. A method according to claim 23; characterized in that 
said acid is chosen from the group comprising citric acid; 
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arrmonium citrate, and oxalic acid. - 

25. A netted according to claim 23;. characterized in that 
said first treatment operation is the cleaning of a substrate, 
[e.g. iy a wiping, brushing, or ultrasonic or megasonic method, 
or the like] . 
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(Translator's note: Suggested amendment of Fig. Lc: The arrows 
proceeding from no reference numeral in stations 12 0 and 130 of 
7ig. lc should originate at a reference numeral 124.] 
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[ KEY zo Fig, 2 (top to bottom):] • 
Start; 

Introduce contaminated substrates into the holding device 
("cassette") ISO; 

Introduce the holding device into the station I 110] for 
measuring and adjusting the input [wettability and] wetness; 

Change from hydrophobic to hydrophi lie- 
Introduce the substrates individually into the a exterior* 
brushing station 12 0; 

First cleaning, in NK^OH; 

Introduce the substrates individually into the " interior" 
brushing station 130; 

Second cleaning, in citric acid; 

Introduce the substrate (s) into station 14 0; 

Rinse with deionized water, [dewater by] spinning, and dry; 

Insert the cleaned substrate into the holding device 
( "cassette"* ) 131 disposed at the station 150; 

Store. 
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